Introduction
The chemistry of (4-aminophenyl)arsonic acid [p-arsanilic acid p-(NH 2 )C 6 H 4 (AsO 3 H 2 ), PARSH 2 ] was first described by Ehrlich & Bertheim (1907) and the compound still has veterinary applications as an antihelminth (Steverding, 2010) . The crystal structure of this acid has confirmed the presence of an NH 3 + -AsO 2 HO À zwitterion (Shimada, 1961; Nuttall & Hunter, 1996) , which has also been found in a number of metal complex structures involving this acid, for example, in the complexes {[CdCl 2 (4-NH 3 C 6 H 4 AsO 3 H)]Á2H 2 O} n and [Pb-(NO 3 ) 2 (4-NH 3 C 6 H 4 AsO 3 H)] n (Lesikar-Parrish et al., 2013) , and less commonly with the monoanionic zwitterionic ligand species, for example, {[Zn 2 Cl 2 (4-NH 3 C 6 H 4 AsO 3 )]ClÁ2H 2 O} n (Lesikar-Parrish et al., 2013) .
More commonly, the monoanionic nonzwitterionic ligand species hydrogen (4-aminophenyl)arsonate (PARSH À ) is present in metal complexes, although structures of single-metal complexes, cf. those with more than one metal, are not very common in the Cambridge Structural Database (CSD; Groom et al., 2016) . Examples of mixed-metal polyoxidometallic structures, such as those with Mo/Ag, Mo/Cu, W/Na and V/Na, are known (Breen & Schmitt, 2008; Johnson et al., 2002) .
We have previously reported the crystal structures of the hydrogen p-arsanilate complex salts with alkali metal complex salts, namely [Na(PARSH)(H 2 O) 2 ] n (Smith & Wermuth, 2014) and the isotypic K, Rb and Cs complexes (Smith & Wermuth, 2017a) , as well as the structures of the alkaline earth complex salts (Smith & Wermuth, 2017b) . For the first set, having the general formula [(M + ) 2 Á2(C 6 H 6 AsNO 3 H À )Á3(H 2 O)] n , all the species are involved in bonding with the metal ion, with the PARSH À anion bonding only through the bridging arsonate O-atom donors, forming two-dimensional layered coordination polymeric substructures. The structure of the NH 4 + salt (a monohydrate) is also known (Smith & Wermuth, 2014) .
Among the alkaline earth set, the Mg complex salt differs from the other members in having the commonly found [Mg(H 2 O) 6 ] 2+ cation in a complex salt, with the anionic hydrogen p-arsanilate species uncoordinated, the structure being essentially isotypic with the Mn 2+ salt structure (Smith & Wermuth, 2016) . In the other three coordination polymeric structures of the alkaline earth set, the PARSH À ligands are coordinated and bridging, viz. {[Ca(PARSH) 2 (H 2 O) 2 ]Á2H 2 O} n , (1), [Sr(PARSH) 2 (H 2 O) 3 ] n , (2), and isotypic [Ba(PARSH) 2 -(H 2 O) 3 ] n , (3).
Although the monoanionic hydrogen p-arsanilate species (PARSH À ) is involved in numerous metal coordination environments, it is surprising that examples of the protonated 4-arsonoanilinate (PARSH 3 + ) species are absent from the CSD. It was considered that in the presence of strong acids, including organic acid analogues, protonation should readily research papers 
Experimental

Synthesis and crystallization
Compounds (II) and (III) were synthesized by heating together for 5 min, 1 mmol quantities of (4-aminophenyl)arsonic acid (PARSH 2 ) and 0.5 mmol of either CuSO 4 Á5H 2 O or CuCl 2 , respectively, in 20 ml of 50% (v/v) ethanol/water. For (IV), a similar procedure to that used for (III) was employed using CdCO 3 with the addition of excess HCl. Room-temperature evaporation of the solutions gave thin pale-blue crystal plates of (II), green crystal plates of (III) and colourless crystal plates of (IV), from which specimens were cleaved for the X-ray analyses. Salt (I) was obtained from the attempted preparation of a cobalt derivative of PARSH 2 using the above procedure with cobalt(II) acetate but with the addition of HCl to achieve dissolution of the initially formed precipitate. Colourless crystal prisms were formed after roomtemperature evaporation.
Refinement
Crystal data, data collection and structure refinement details are summarized in Table 1 . H atoms potentially involved in hydrogen-bonding interactions were located by difference methods but their positional parameters were constrained in the refinement, with N-H = 0.88 (2) Å and O-H = 0.86 (2) Å [or 0.90 (2) Å for (I)], and with U iso (H) = 1.2U eq (N) or 1.5U eq (O). Other H atoms were included in the refinement at calculated positions (C-H = 0.95 Å ) and treated as riding, with U iso (H) = 1.2U eq (C).
Results and discussion
In structures (I)-(IV), the protonated 4-arsonoanilinium cationic species, i.e. 4-arsonoanilinium or PARSH 3 + , is present, namely as a discrete cation in (I), as linker cations between [Cu(H 2 O) 6 ] 2+ cation and sulfate anion layers in double salt (II), and between polymeric anionic {[CuCl 4 ] 2À } n layers in (III) or {[CdCl 4 ] 2À } n layers in the isotypic complex salt (IV). The presence of the cation is confirmed on the basis of chemical stoichiometry, as well as on the As1-O bond lengths [As1-O11, As1-O13 and As1 O12 are, respectively, 1.688 (3), 1.701 (2) and 1.648 (2) Å for (I); 1.7046 (18), 1.702 (2) and 1.6395 (19) Å for (II); 1.700 (2), 1.706 (3) and 1.644 (2) Å for (III); and 1.697 (3), 1.710 (3) and 1.648 (3) Å for (IV)]. These values compare with the values of 1.737 (6), 1.656 (3) and 1.669 (6) Å in the parent acid zwitterion (Nuttall & Hunter, 1996) and the values of 1.747 (3), 1.672 (3) and 1.677 (2) Å in the monoanionic ligand in the Na complex (Smith & Wermuth, 2014) . There are no examples of the cationic PARSH 3 + species in the CSD, nor are there any examples of compounds with the the analogous protonated (4-aminophenyl)phosphonic acid. We have also found the research papers The molecular configuration and atom-numbering scheme for the 4-arsonoanilinium cation and the chloride anion in the asymmetric unit of (I), with displacement ellipsoids drawn at the 40% probability level and the hydrogen bond shown as a dashed line.
Figure 2
The packing in the unit cell of (I), viewed along the b-axial direction, showing the associated cation-linked chloride layers linked peripherally across a by hydrogen bonds (dashed lines) involving the 4-arsonoanilinium cations. The symmetry codes are as in Table 2. PARSH 3 + species in the crystal structures of 1:1 protontransfer compounds of p-arsanilic acid with strong organic acids, for example, picric acid, 3,5-dinitrosalicylic acid, 5-sulfosalicylic acid and p-toluenesulfonic acid (Smith & Wermuth, 2017c) .
In the crystal structure of (I) ( Fig. 1) , the PARSH 3 + cations are linked through arsonate O11-H11Á Á ÁO12 i and O13-H13Á Á ÁO12 ii hydrogen bonds (see Table 2 for details and symmetry codes), generating two-dimensional layered structures lying parallel to (100). The first of these interactions forms centrosymmetric R 2 2 (8) ring motifs. In the crystal, the layers are linked across a through anilinium N-HÁ Á ÁCl hydrogen bonds (Table 1) , giving a three-dimensional structure ( Fig. 2) . Weak inter-ringinteractions are also present [minimum ring-centroid separation = 2.8304 (16) Å ].
In the structure of the Cu II double salt (II) (Fig. 3 ), the centrosymmetric [Cu(H 2 O) 6 ] 2+ cation is accompanied by two inversion-related PARSH 3 + cations, together with two similarly related sulfate dianions and two water molecules of solvation [O4W and O4W i ; symmetry code: (i) Àx, Ày, Àz]. The Cu-OW bond lengths in the slightly tetragonally distorted octahedral coordination polyhedron are 1.946 (2) and 2.013 (2) (equatorial), and 2.2702 (18) Å (axial) ( Table 3 ). The [Cu(H 2 O) 6 ] 2+ cation is a very common counter-ion in Cu II complex structures, but no examples involving arsonates and only a few involving analogous phosphonates are known, for example, in a bridged (2-pyridyl N-oxide)phosphonate complex (Ma et al., 2007) . The amine N group of the PARSH 3 + cation is not involved in bonding to the metal atom, unlike that found in a number of p-arsanilate complexes, for example, in a second Zn structure (Lin et al., 2012) .
In the crystal of (II), the molecular species, including the coordinated water ligands, are involved in O-HÁ Á ÁÁO and N-HÁ Á ÁO hydrogen-bonding interactions with arsonate, sulfate and water O-atom acceptors (Table 4 ). Among these interactions is a cyclic R 3 3 (10) motif involving all but the sulfate anion, best seen in Fig. 3 Table 2 Hydrogen-bond geometry (Å , ) for (I). Symmetry codes: (i) Àx þ 1; Ày þ 1; Àz þ 1; (ii) x; Ày þ 3 2 ; z þ 1 2 ; (iii) x; Ày À 1 2 ; z À 1 2 ; (iv) Àx; y þ 1 2 ; Àz þ 1 2 . Table 3 Selected bond lengths (Å ) for (II). Hydrogen-bond geometry (Å , ) for (II).
Symmetry codes: (ii) Àx þ 1; y À 1 2 ; Àz þ 1 2 ; (iii) x À 1; Ày þ 1 2 ; z þ 1 2 ; (iv) x; Ày þ 1 2 ; z À 1 2 ; (v) x À 1; y; z; (vi) x À 1; Ày þ 1 2 ; z À 1 2 ; (vii) Àx þ 1; Ày þ 1; Àz; (viii) x; Ày þ 1 2 ; z þ 1 2 ; (ix) Àx þ 1; Ày; Àz.
Figure 3
The molecular configuration and atom-numbering scheme for the complex cation, the 4-arsonoanilinium cation, the sulfate anion and the water molecule of solvation (O1W) in the asymmetric unit of (II). The Cu 2+ ion sits on a crystallographic centre of inversion and the asymmetric unit contains half the [Cu(H 2 O) 6 ] 2+ ion, one 4-arsonoanilinium cation, a sulfate dianion and a solvent water molecule. Non-H atoms are shown as 40% probability displacement ellipsoids. Hydrogen-bonding interactions are shown as dashed lines. [Symmetry code: (i) Àx, Ày, Àz.]
Figure 4
The packing in the unit cell of (II), viewed along the b-axial direction, showing the associated [Cu(H 2 O) 6 ] 2+ cation layers linked peripherally across a by hydrogen bonds involving the 4-arsonoanilinium cations, the sulfate anions and the water molecules of solvation. Hydrogen-bonding interactions are shown as dashed lines and aromatic H atoms have been omitted. Generic atom labels without symmetry codes have been used.
an overall three-dimensional supramolecular structure ( Fig. 4) . No reasonable ring-ring interactions are present [minimum ring-centroid separation = 3.9829 (15) Å ].
In the CuCl 6 coordination polyhedron of (III) ( Fig. 5 ), four of the Cl ligands are related by inversion, i.e. two monodentate [Cu1-Cl1 and Cu1-Cl1 i = 2.2826 (8) Å ; symmetry code: (i) Àx + 1, Ày + 1, Àz + 1] and two bridging [Cu1-Cl2 and Cu1-Cl2 i = 2.2990 (9) Å ], while two longer axial bonds are from bridging Cl2 donors [Cl2 ii and inversion-related Cl2 iii , 2.9833 (9) Å ; see Table 5 for symmetry codes].
Cd II compound (IV) ( Fig. 6 ) is isotypic with copper(II) complex (III) ( Fig. 7 ) and the basic description of the metalchloride bonding in the coordination polymeric structure (Tables 5 and 6) and hydrogen bonding (Tables 7 and 8) are essentially the same. The major difference is seen in the Cd-Cl bond lengths in the CdCl 6 coordination polyhedron of the complex repeat unit (Table 6) , which are more regular [range 2.5232 (12)-2.6931 (10) Å ] compared to those in (III) ( Table 5) . A minor anomaly in the comparison of the two structures is that in the smaller unit cell of (III), the a cell parameter [7.6315 (4) Å ] is slightly longer than that of (IV) [7.5525 (4) Å ] and may be due to the larger axial Cu-Cl2 ii and Cu-Cl2 iii bond lengths in the tetragonally distorted complex unit.
A two-dimensional coordination polymeric network substructure lying parallel to (001) is generated in both (III) and (IV) through centrosymmetric cyclic eight-membered chloride-bridged units (Fig. 7) . In the crystal, the polymer layers are linked across [001] by a number of bridging hydrogen bonds involving N-HÁ Á ÁCl interactions from headto-head O-HÁ Á ÁO-linked 4-arsonoanilinium cations (Tables 7  and 8 ). An overall three-dimensional network structure is research papers . C73 Smith and Wermuth Unusual 4-arsonoanilinium cationic species 5 of 6 Table 5 Selected bond lengths (Å ) for (III).
Cu1-Cl2 ii 2.9833 (9) Cu1-Cl2 2.2990 (9) Cu1-Cl1 2.2826 (8) Cu1-Cl2 iii 2.9833 (9) Symmetry codes: (ii) Àx þ 3 2 ; y À 1 2 ; z; (iii) x À 1 2 ; Ày þ 3 2 ; Àz þ 1. Table 6 Selected bond lengths (Å ) for (IV).
Cd1-Cl2 ii 2.6931 (10) Cd1-Cl2 2.6820 (10) Cd1-Cl1 2.5232 (12) Cd1-Cl2 iii 2.6931 (10) Symmetry codes: (ii) Àx þ 3 2 ; y À 1 2 ; z; (iii) x À 1 2 ; Ày þ 3 2 ; Àz þ 1. Table 7 Hydrogen-bond geometry (Å , ) for (III).
Figure 5
The molecular configuration and atom-numbering scheme for the complex unit in (III Hydrogen-bond geometry (Å , ) for (IV). 
Figure 7
The two-dimensional anionic coordination polymeric sheet substructures of (III) and (IV), which lie parallel to (001) in the unit cell, with the 4-arsonoanilinium cations removed. M represents Cu 2+ for (III) and Cd 2+ for (IV). The PARSH 3 + cations have been omitted. (For symmetry codes, see Table 6 and Fig. 5 .)
Figure 6
The molecular configuration and atom-numbering scheme for the complex unit in (IV), with non-H atoms shown as 40% probability displacement ellipsoids. The anionic CdCl 6 complex units have the same symmetry codes as shown for the isotypic Cu 2+ complex (III) in Fig. 5 . The dashed line represents the N-HÁ Á ÁCl hydrogen bond. formed ( Fig. 8 ). It should also be noted that the Cd II complex reported by Lesikar-Parrish et al. (2013) , prepared from CdCl 2 using mild aqueous reaction conditions, was [CdCl 2 (4-
The basic M-Cl polymeric sheet structures present in both compounds (III) and (IV) are not unusual, with 65 CSD examples present in the case of the less prevalent Cd-Cl structure. However, the eight-membered cyclic unit described for (IV) is not so common, more often being four-membered involving di-2 -chlorido-or tri-2 -chlorido-bridged rings such as are present in the [CdCl 4 ] 2À complex substructures in complexes with the methylammonium cation (Pabst et al., 1987) and the 2-amino-4,5-dihydro-3H-1,3-triazolium cation (Kubiak et al., 1983) .
The series of structures reported here represent examples having a previously structurally unreported protonated (4-aminophenyl)arsonic acid, the 4-arsonoanilinium cation. These compounds are various, ranging from a simple hydrochloride to a Cu II double sulfate salt from reaction with aqueous CuSO 4 to counter-cations from the reaction with CuCl 2 or CdCl 2 in the presence of HCl. 
Computing details
For all compounds, data collection: CrysAlis PRO (Rigaku OD, 2015) ; cell refinement: CrysAlis PRO (Rigaku OD, 2015) ; data reduction: CrysAlis PRO (Rigaku OD, 2015) . Program(s) used to solve structure: SIR 92 (Altomare et al., 1993 ) for (I); SHELXS97 (Sheldrick, 2008) for (II), (III); SIR92 (Altomare et al., 1993) for (IV). For all compounds, program(s) used to refine structure: SHELXL97 (Sheldrick, 2008) within WinGX (Farrugia, 2012) ; molecular graphics:
PLATON (Spek, 2009) ; software used to prepare material for publication: PLATON (Spek, 2009 ). Special details Geometry. Bond distances, angles etc. have been calculated using the rounded fractional coordinates. All su's are estimated from the variances of the (full) variance-covariance matrix. The cell esds are taken into account in the estimation of distances, angles and torsion angles Refinement. Refinement of F 2 against ALL reflections. The weighted R-factor wR and goodness of fit S are based on F 2 , conventional R-factors R are based on F, with F set to zero for negative F 2 . The threshold expression of F 2 > 2sigma(F 2 ) is used only for calculating R-factors(gt) etc. and is not relevant to the choice of reflections for refinement. R-factors based on F 2 are statistically about twice as large as those based on F, and R-factors based on ALL data will be even larger.
(I) 4-Arsonoanilinium chloride
Fractional atomic coordinates and isotropic or equivalent isotropic displacement parameters (Å 2 ) (2) C1-C6-C5 120.0 (3) H42-N4-H43 113 (3) C1-C2-H2 120.00 H41-N4-H42 103 (2) C3-C2-H2 120.00 H41-N4-H43 103 (2) C2-C3-H3 120.00 C4-N4-H41 114 (2) C4-C3-H3 120.00 C4-N4-H42 111.6 (18) C4-C5-H5 121.00 C4-N4-H43 111.3 (15) C6-C5-H5 121.00 As1-C1-C2 120.4 (2) C1-C6-H6 120.00 As1-C1-C6 118.7 (2) C5-C6-H6 120.00 Refinement. Refinement of F 2 against ALL reflections. The weighted R-factor wR and goodness of fit S are based on F 2 , conventional R-factors R are based on F, with F set to zero for negative F 2 . The threshold expression of F 2 > 2sigma(F 2 ) is used only for calculating R-factors(gt) etc. and is not relevant to the choice of reflections for refinement. R-factors based on F 2 are statistically about twice as large as those based on F, and R-factors based on ALL data will be even larger.
Fractional atomic coordinates and isotropic or equivalent isotropic displacement parameters (Å 2 ) As1 0.0116 (2) 0.0185 (2) 0.0209 (2) −0.0023 (1) 0.0008 (1) −0.0012 (1) O11 0.0194 (12) 0.0386 (13) 0.0240 (11) −0.0124 (10) 0.0014 (9) 0.0042 (10) O12 0.0132 (11) 0.0298 (11) 0.0300 (11) −0.0017 (9) −0.0012 (9) −0.0078 (9) O13 0.0149 (11) 0.0217 (11) 0.0546 (15) 0.0006 (10) 0.0050 (11) −0.0056 (10) N4 0.0141 (13) 0.0190 (12) 0.0186 (12) 0.0008 (11) 0.0010 (10) 0.0005 (10) (7) As1-C1-C2 120.8 (2) O3W-Cu1-O3W i 180.00 As1-C1-C6 118.6 (2) O1W-Cu1-O1W i 180.00 C2-C1-C6 120.5 (3) O1W-Cu1-O2W 84.92 (8) C1-C2-C3 119.3 (2) O1W-Cu1-O3W 87.85 (7) C2-C3-C4 119.7 (2) O3-S1-O4 107.85 (11) N4-C4-C3 120.0 (2) O2-S1-O4 110.38 (11) N4-C4-C5 118.8 (2) O1-S1-O3 109.42 (11) C3-C4-C5 121.2 (3) O1-S1-O4 109.60 (12) C4-C5-C6 119.2 (3) O1-S1-O2 110.79 (11) C1-C6-C5 120.1 (3) O2-S1-O3 108.74 (12) C1-C2-H2 120.00 As1-O11-H11 113 (2) C3-C2-H2 120.00 As1-O13-H13 117 (2) C2-C3-H3 120.00 H11W-O1W-H12W 107 (3) C4-C3-H3 120.00 Cu1-O1W-H12W 116 (2) C4-C5-H5 120.00 Cu1-O1W-H11W 111 (2) C6-C5-H5 120.00 H21W-O2W-H22W 117 (3) C1-C6-H6 120.00 Cu1-O2W-H22W 116 (2) C5-C6-H6 120.00 Cu1-O2W-H21W 120 (2) O11-As1-C1-C2 −140.8 (2) As1-C1-C6-C5 −179.4 (2) O11-As1-C1-C6 40.3 (2) C2-C1-C6-C5 1.6 (4) O12-As1-C1-C2 96.8 (2) C1-C2-C3-C4 0.5 (4) O12-As1-C1-C6 −82.2 (2) C2-C3-C4-N4 −179.7 (2) O13-As1-C1-C2 −28.6 (2) C2-C3-C4-C5 1.7 (4) O13-As1-C1-C6 152.4 (2) N4-C4-C5-C6 179.2 (2) As1-C1-C2-C3 178.93 (19) C3-C4-C5-C6 −2.3 (4) C6-C1-C2-C3 −2.1 (4) C4-C5-C6-C1 0.6 (4) Refinement. Refinement of F 2 against ALL reflections. The weighted R-factor wR and goodness of fit S are based on F 2 , conventional R-factors R are based on F, with F set to zero for negative F 2 . The threshold expression of F 2 > 2sigma(F 2 ) is used only for calculating R-factors(gt) etc. and is not relevant to the choice of reflections for refinement. R-factors based on F 2 are statistically about twice as large as those based on F, and R-factors based on ALL data will be even larger.
Fractional atomic coordinates and isotropic or equivalent isotropic displacement parameters (Å 2 ) 
Data collection
Oxford Diffraction Gemini-S CCD-detector diffractometer Radiation source: ENHANCE (Mo) X-ray source Graphite monochromator Detector resolution: 16.077 pixels mm -1 ω scans Absorption correction: multi-scan (CrysAlis PRO; Rigaku OD, 2015 T min = 0.485, T max = 0.980 5452 measured reflections 2070 independent reflections 1778 reflections with I > 2σ(I) R int = 0.031 θ max = 26.0°, θ min = 3.4°h = −9→6 k = −8→7 l = −44→47
Refinement
Refinement on F 2 Least-squares matrix: full R[F 2 > 2σ(F 2 )] = 0.032 wR(F 2 ) = 0.070 S = 1.11 2070 reflections 139 parameters 5 restraints Primary atom site location: structure-invariant direct methods Secondary atom site location: difference Fourier map Hydrogen site location: inferred from neighbouring sites H atoms treated by a mixture of independent and constrained refinement w = 1/[σ 2 (F o 2 ) + (0.0265P) 2 ]
where P = (F o 2 + 2F c 2 )/3 (Δ/σ) max = 0.001 Δρ max = 0.62 e Å −3 Δρ min = −0.50 e Å −3 supporting information sup-12 . C73, 325-330
Special details
Geometry. Bond distances, angles etc. have been calculated using the rounded fractional coordinates. All su's are estimated from the variances of the (full) variance-covariance matrix. The cell esds are taken into account in the estimation of distances, angles and torsion angles Refinement. Refinement of F 2 against ALL reflections. The weighted R-factor wR and goodness of fit S are based on F 2 , conventional R-factors R are based on F, with F set to zero for negative F 2 . The threshold expression of F 2 > 2sigma(F 2 ) is used only for calculating R-factors(gt) etc. and is not relevant to the choice of reflections for refinement. R-factors based on F 2 are statistically about twice as large as those based on F, and R-factors based on ALL data will be even larger.
Fractional atomic coordinates and isotropic or equivalent isotropic displacement parameters (Å 2 ) (1) O11 1.2690 (4) 0.8254 (4) 0.28422 (7) 0.0237 (10) O12 0.9688 (4) 0.6397 (4) 0.25798 (7) 0.0222 (9) O13 0.9450 (4) 0.9568 (4) 0.29732 (8) 0.0251 (10) N4 0.9693 (5) 0.4583 (5) 0.43687 (9) 0.0203 (11) C1 1.0425 (6) 0.6420 (6) 0.33478 (9) 0.0161 (11) (16) 
